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Earlier  publications  have  presented  evidence  that  the  course  of influenza 
virus infection in chicken embryos, mice, and tissue culture is strikingly affected 
by the administration of corticosteroid hormones. It has been shown that under 
appropriate experimental  conditions  final yields of virus are increased  (1-3), 
that  antibody formation,  acquired  immunity  (4),  and  inflammatory reaction 
(3)  are depressed,  that  the  survival time of infected chicken embryos is pro- 
longed (3), and that "multiplicity reactivation" of non-infective virus is clearly 
demonstrable (5). 
Ensuing  studies  have  clarified  the  mechanisms  of  cortisone  action  in  the 
influenza  virus-chicken embryo system. The  results of these  studies  are pre- 
sented in this and two companion papers. It will be demonstrated that corti- 
sone and related steroids have two distinct  effects on the  course of influenza 
virus multiplication:  (a) inhibition of viral synthesis, and (b)  inhibition of the 
autointerference  caused  by  large  numbers  of  viral  particles.  Yields  of  virus 
will be shown to be the resultant of these two contrasting effects. 
The present paper is  concerned  with  the  influence of cortisone on  the  dy- 
namics of influenza virus increase. It will be evident that consideration of these 
kinetics has been essential in defining the mechanisms of cortisone action. 
Materials and Methods 
Viruses.--The Lee strain of influenza B virus and the PR8 strain of influenza A virus were 
used as allantoic fluid suspensions. Dilutions of virus were made in 0.01 M  phosphate buffered 
NaC1 (0.85 per cent) solution. To "inactive" viral inocula derived from thermally inactivated 
virus were added streptomycin (1 mg./ml.) and penicillin (100 units/ml.). Preparations desig- 
nated as "active" virus were prepared as suggested by Horsfall (6, 7) to contain a relatively 
high proportion of infective viral particles (see Kilbourne (5)). Viruses were stored at --68°C. 
in a special CO~ box in which CO2 is excluded from the specimen compartment (8). RDE 
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(receptor-destroying  enzyme)  was  purchased  from  Behringwerke  Aktiengeselischaft, 
Marbarg-Lahn,  Germany.  The  preparation  employed when  diluted  1:128  (final dilution) 
destroyed chorioallantoic membrane inhibitor when incubated with membrane homogenates 
for 12 hours at 35°C. 
Extraction  of Ckorioallantoic Membrane  Viral  Hemagglutinin.--A  number  of procedures 
and reagents were tried for the extraction and determination of intramembrane virus. Sodium 
periodate and  trypsin,  although potent destroyers of membrane inhibitor, also proved de- 
structive to viral hemagglutinin. RDE was found to effect the largest yields of virus and was 
therefore used in all experiments to be described. After harvesting of allantoic fluids, the con- 
tents of the egg were decanted through an aperture in the pointed (albumin) end of the egg, 
and chorioallantoic membranes were carefully dissected free. Membranes were washed with 
warm (room temperature)  buffered saline (20 cc./membrane), then blotted on sterile paper. 
To the pooled membranes of each experimental group, buffered antibiotic saline was added in 
a graduated tube to bring the volume of each membrane to 5 cc. Pooled membranes were then 
homogenized in a high speed mixer (Lourdes multimixer) for 3 minutes in an ice bath. Homo- 
genates were transferred  to plastic tubes to which RDE  (final  dilution of 1:8) was added. 
Tubes were incubated for 12 to 18 hours, following which they were centrifuged at 12,800 G 
for S minutes at room temperature. Supernatant fluids were titrated for viral hemagglutinin. 
Titers have not been related to membrane wet or dry weights because of the primary concern 
with  measuring  the  total  vires/egg. The  growth-inhibiting action  of cortisone  (9)  would 
necessitate possibly misleading "correction" of titration values if hemagglutinin yields were 
related to weight units. Because all membranes are diluted similarly, it was deemed equally 
useless to recalculate titers on the basis of volume. 
Corl~sone.--Cortisone was used in most experiments in the form of an aqueous suspension 
of hydrocortisone alcohol (Merck), 10 mg./ml. In later experiments, a  cortisone salt of high 
aqueous solubility  I (hydrocortisone diethylaminoacetate hydrocldoride) was used in solution. 
Cortisone solutions or suspensions  were sterilized by heating at 100°C. for 20 minutes. 
Infeztivlty titrations utilized 4 eggs/dilution in a  0.5  log10 dilution  series.  Allantoic fluids 
were harvested and tested for hemagglutinin after 40 to 48 hours of incubation at 35°C. 
Expression  of Viral Concentration as Number of Infe,  ti~e or Inactive Partides.--An estima- 
tion of the number of inactive (hemagglutinating minus infective) particles my  be made by 
extrapolation from resuhs obtained by Horsfall with a  precise enumeration procedure  (6). 
On the basis that 10  e'°9 Lee virus particles are required to induce visible bemagglutination in 
standard 2-fold dilution titrations with a final concentration of 0.25 per cent RBC at 4°C., it 
may be estimated that the log of the hemagglutination titer +  6.09 is equivalent to the log 
of hemagglutinating particles per milliliter (5). Estimation of the number of infective particles 
was effected by equating 50 per cent infectivity end-points with 0.69 infective particles (6). 
Determination  of Viral Hemagglutinin.--In  the present  study  hemagglutinafion titers of 
allantoic fluids or membrane homogenates were determined either by the precise fractional 
dilution method of Horsfall and Tamm (10) (applied to pooled specimens)  or by appficatinn 
of the conventional 2-fold dilution method to the individual components of 5 to 8 egg groups. 
With either method it has been demonstrated in this laboratory that variations from the mean 
of more than 0.6 logs (50 per cent) may be considered significant with 95 per cent certainty. 
Relation of Number of Viral Particles to Number of Host Chorioallantoic Cells (P/C Ratio).-- 
Estimation of the number of viral particles in infecting inocula has been effected as indicated 
above. Estimations of the number of host cells of the chorinailantoic membrane are based on 
studies by Tyrrell et al. (11) in which the number of chorioallantoic membrane cells of the 10 
day old chicken embryo has been defined as 1.8 X  107. A more recent estimate by Cairns and 
Fazekas (12) is about twice this number (3.1 X  107). Calculations of P/C (particle/cell) ratios 
i Generously supplied by Dr. G. M. Shull of Chas. Pfizer and Co., Inc., Brooklyn. E.  D.  KILBOURNE  853 
in the present investigations were based on the earlier estimates of 1.8 X  l0  T host cells.  How- 
ever, it is evident that acceptance of the later estimate (3.1  X  10  7) wilt alter P/C ratios less 
than 2-fold, 
Eggs.--lO to I1 day old white Leghorn embryos were used. 
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Fxo. 1. Characteristic curves of allantoic fluid virus increase in eggs inoculated with various 
concentrations of infective Lee virus particles calculated to provide the initial P/C (particle/ 
cell) ratios indicated. Cortisone 1 reg./egg, Experiments 2 and 3" 0.1 reg./egg, Experiment 1, 
injected 1 hour after virus. 
EXPERIMENTAL  RESULTS 
The Influence of Cortisone on the Incremental Curve of Allantoic Fluid Virus.- 
It has been repeatedly and consistently demonstrated in this laboratory that 
the injection of eggs  ~ with aqueous suspensions of cortisone results in a  char- 
acteristic modification of the curve of influenza B virus increase. As illustrated 
in Fig. 1, an initial lag in the appearance of viral hemagglutinin is followed by 
a final increase to concentrations exceeding those of appropriate controls. These 
characteristic changes in the incremental curve have been observed with corti- 
sone dosages of 1 pg. to 5 rag., and with viral inocula calculated to yield initial 
2 For convenience in presentation, the word "eggs" will be used hereafter to refer to 10 to 
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viral particle/host cell (P/C) ratios of 1 or less. Injection of cortisone into the 
yolk sac results in the same effect observed with the usual allantoic route, The 
incremental curve  is  similarly modified by  cortisone  administered 72  hours 
before (2.5  rag.)  or 4 hours after virus inoculation. Adsorption of inoculated 
influenza viruses has been shown to be about 50 per cent complete in 72 minutes 
after intra-allantoic injection (7). Therefore, injection of cortisone 1 hour after 
infection should not appreciably alter viral  adsorption and the initiation of 
infection. In most of the experiments to be reported, this time interval was em- 
ployed. Preference for the allantoic rather than the yolk sac route was predi- 
cated upon its greater convenience and accuracy, as well as the assurance pro- 
vided by allantoic injection of prompt delivery of the cortisone  dose  in  its 
entirety to the entodermal site of viral multiplication. Analysis of virus from 
TABLE I 
The Rdation of Cortisone-Induced Viral Increase to the Quantity of Virus Inoculated 
EID~ 
IO  s 













Viral yields: logz hemagglutlnin concentration 
48 hrs.  Per cent :>*  60 hrs. 
9.3  8.3 
10.3  100  11.0 
11.0  10.6 
12.0  100  12.3 
11.0  10.6 
12.0  100  12.3 




* Per cent by which cortisone yield exceeds control. 
cortisone-injected and control eggs has revealed consistent parallelism of the 
relative quantities of infective and hemagglutinating virus. Thus, results are 
not influenced by a different propensity with cortisone for the formation of in- 
complete  virus.  Accordingly,  yields  of  hemagglutinating  virus  have  been 
studied chiefly because of the greater precision and convenience of the hemag- 
glutination  technique  and  its  ability  to  measure  cumulative  total  virus-- 
infective and inactivated. 
The  Relation  of Cortisone-Induced  Viral  Increase  to  the  Quantity  of  Virus 
Inoculated.--Dilutions  of infective Lee virus (10  °, 10  -3,  10  -6)  which provided 
EIDs0 of 10  s, 10  5, and 10  * were inoculated into groups of eggs which received 
either 1 reg./egg of cortisone or 0.1 ml. of distilled water. The concentrations 
of viral hemagglutinin finally obtained are shown in Table I. The following 
conclusions may be drawn from this experiment: (a)  final yields of virus are 
increased with cortisone regardless of the quantity of virus injected if yields E.  V.  KILBOURNE  855 
are  compared  with  those resulting  from equivalent inocula  in  control  eggs; 
(b) the peak of allantoic fluid virus concentration is attained later in cortisone- 
injected eggs; and  (c)  a  concentrated inoculum  which  provides  a  high P/C 
ratio results in a reduced  virus yield (in accord with Horsfall (7)) which, al- 
though enhanced with cortisone, is still less than yields induced with cortisone 
and dilute inocula. 
Study of Comparative  Viral Concentrations  of Chorioallantoic Membranes and 
Allantoic Fluids.--It seemed unlikely that the delayed appearance  of virus in 
cortisone-injected  eggs could result from depression of viral  synthesis in view 
of the increased final yields of virus effected by cortisone administration. The 
previously observed  suppressive effect of cortisone on protein exudation from 
TABLE II 
Conflicting Evidence Concerning Cortisone-Induction of Retentio,; of Virus in 
Chorioallantoic Membranes 
Experiment  Inoculum 
P/C ratio* 
211  10 















Allantoic  Membrane  fluid 
5.9  5.0 
4.6  4.2 
6.7  7.4 









* Ratio of  hemagglutinating  particles  to number of  allantoic  cells. 
Time after inoculation  of virus. 
§ The lower the ratio the greater the proportion of virus in the membrane. 
infected chorioallantoic  membranes  (3) suggested that cortisone might induce 
retention of virus within the membrane and prevent egress of virus into the 
allantoic fluid early in infection.  Thus,  the apparent  "lag phase" associated 
with  cortisone  might  derive  from  different  distribution  ratios  of  allantoic 
fluid/membrane virus in cortisone and control  eggs. Preliminary experiments 
having defined optimal conditions  for the extraction of membrane virus (see 
Materials  and  Methods),  experiments  were  undertaken  in  which  both 
intramembrane and allantoic fluid virus were measured. A large number of such 
experiments resulted in the accumulation of conflicting evidence concerning intra- 
membrane retention of virus with cortisone. The contrasting nature of the evi- 
dence is crystallized in the two experiments presented  in Table II. In Experi- 
ment 211  in which a large viral inoculum was given, the distribution of virus 
was closely similar in control and cortisone-injected  eggs, while in Experiment 
223  the distribution ratios suggested  intramembrane retention of virus with 856  CORTISONE  AND  DYNAMICS  OF  VIRAL  INCREASE 
cortisone. It may be noted, also, that in both experiments total virus was re- 
duced  with  cortisone--most  strikingly  with  the  smaller  inoculum  of virus. 
Thus,  true inhibition of virus synthesis is effected with cortisone, and under 
certain conditions, (i.e. following an inoculum providing a low P/C ratio) the 
relative concentration of virus is greater within the chorioallantoic membrane. 
When it was established that inhibition of viral increase in both membrane 
and aUantoic fluid might be effected with cortisone, it became evident that ap- 
parent "retention" or altered distribution of virus might be related rather to 
the total virus which had been formed by any given time than to the presence 
or absence of cortisone in the experiment. This supposition is supported by the 
TABLE III 
Relation of Virus Distribution Ratios to Concentrations of Allantoic Fluid Virus Rather 
Than to the Presence or Absence of Cortisone 
P/C ratio 
19 






1  ,  + 
!  0 
Logs viral hemagglutinln~ 
Viral ratios 
Membrane  Allsntoic fluid 
8.0  10.3 
8.0  9.9 
8.0  9.1 
8.0  9.0 
5.9  5.6 






I  0.7 
Membrane and fluid titers are arithmetic means. 
* Cortisone injected 2 hours prior to virus. 
Jill eggs harvested 9 hours after inoculation of virus. 
data set  forth in Table III.  In  the experiment presented,  inocula with P/C 
ratios of one or greater were employed in order to induce viral yields which 
were less  divergent  than  those  occasioned with  cortisone and dilute inocula 
(Table II). Inspection of Table III will show that ratios of viral distribution in 
fluid or membrane phases are related rather to the concentration of allantoic 
fluid virus which  has been attained  than  to the  administration of cortisone. 
Thus, membrane retention of virus is influenced by cortisone  only to the extent that 
the steroid  reduces  total virus increase so that a marked disparity exists between 
the allantoic fluid virus concentrations in test and control groups. The fruit of 
these experiments relates less directly to the problem under investigation than 
to the general problem of the study of compounds which alter viral increase in 
any way. Comparative measurements of virus yields in only the fluid phase at 
a given time point will reflect total virus increase only if the fluid phase yields E.  D.  raLBOtmNE  857 
are not widely disparate. It is probable that the lesser proportion of virus in the 
membrane phase  when allantoic fluid concentrations are  high  is  related not 
only to the persisting accumulation of hemagglutinin  in  the fluid as virus is 
formed, but to destruction of membrane inhibitor as well. (Destruction of in- 
hibitor during the course of infection has been exhaustively studied (13).) 
That cortisone does not alter the concentration of either membrane or allan- 
toic fluid inhibitor was demonstrated in experiments which will be described 
here briefly. The inhibitor concentrations of allantoic fluids and chorioallantoic 
membranes  from  cortisone-injected and  control  eggs  were  measured  by  the 
addition of heated (non-eluting) Lee virus to serial dilutions of egg material. 
There was no difference in the inhibitor concentrations of cortisone or control 
egg fluids or membranes.  Incubation of membrane suspensions with RDE re- 
suited in destruction of inhibitor in both cortisone-treated and control mem- 
branes. 
TABLE IV 
Tke Influence of Cortisone on Adsorption-FJution of Lee Virus in Ovo 
Log~  hemagglutinin  concentrations, Min. post inoculation 
Egg~ injected  with 
30  60  120  .I --  1-3 
Cortisone*  7.3  6.0 





* 1 mg. injected 2 hours prior to virus. 
The Influence  of Cortisone  on  Adsorption-Elution  of  Virus  in  Ovo.--It  was 
important to determine whether the adsorption-etution dynamics which follow 
influenza virus inoculation might be affected by cortisone. Delayed release of 
virus from suspended  chorioallantoic membrane fragments in  vitro  had been 
described  in  a  preliminary report  (14)  in  which  large  doses  of cortisone  (1 
mg./ml.)  had  been  employed.  Experiments  were  designed  in  which  the  re- 
sultant of adsorption-elution effects would be measured in the in vivo situation 
characteristic of most cortisone-virus experiments in  this laboratory. Results 
of a representative experiment are outlined in Table IV. 
Eggs (6/group) were inoculated first with either water or 1 mg. of cortisone, then 2 hours 
later with 0.02 ml. of a  Lee virus preparation with a  hemagglutination titer of 1:2048 (log2 
11.0), following which they were maintained at 28°C.  during the 2 hour experiment. Allantoic 
fluid in 0.2 ml. quantities was aspirated by needle and syringe for analysis of viral concen- 
trations (2 aspirates/egg). 
During  the observation period of 2  hours,  cortisone did  not  h~tuence  the 
rate of disappearance of residual virus. Therefore, despite evidence that  corti- 
sone  in  high  concentrations  may  influence  adsorption-elution  dynamics  in 858  CORTISONE AND  DYNAMICS  OF  VIRAL  INCREASE 
vltro,  it is concluded that the effect has no important  bearing on the viral in- 
cremental curve in intact eggs. 
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FIG.  2. Inhibition of increase of PR8 virus (P/C ratio 1,0) by 28 #g. of cortisone/egg. 
Influence of Cortisone on Increase of Influenza A  Viruses 
In the initial report of increased influenza virus in eggs injected with corti- 
sone, increases in influenza  B  virus  (Lee) were noted to be high  (100 to  182 
per cent) while increases in influenza A virus (20 to 55 per cent) were barely sig- 
nificant  by the photometric  hemagglutination  technique  (1). It has  been the E.  D.  KILBOURNE  859 
experience  of a  number of investigators that  cortisone does not significantly 
increase influenza A virus yields in eggs (15), and the concentration of virus in 
mouse lungs appears to be similarly unaffected (16). Further experiments in this 
laboratory with several strains of influenza A virus confirm not only the failure 
of cortisone to increase influenza A virus yields when conventional (highly in- 
fective) inocula are used,  but indeed demonstrate inhibition of viral increase. 
This inhibition,  unlike that observed with influenza B  viruses, is evident late, 
as well as initially,  during  the course of viral multiplication.  Chorioallantoic 
membrane virus was reduced in parallel with the observed reduction of allan- 
toic fluid virus in all experiments in which it has been measured. 
TABLE V 









Dilution  ElDi0  "Active"* 
10  °  8.0§  + 
10  -3  5.0  + 
10-s  2.0  + 
10  °  4.5  -- 
10  °  2.0  -- 
10  °  0.7  l 
4°C. (6 mos.) 
35°C. (3 days) 
22°C. (21 days) 
Yields of 
hemagglutininI: 
(Log2)  increase 
Control  Cortisone 
8.3  8.3 
L0.3  10.6 
L0.0  10.3 
8.4  9.6 
8.5  10.3 








A Subjected to thermal inactivation or storage at 4°C. 
* "Active"--relatively high proportion of infective virus. 
At 40 to 48 hours after infection. 
§ Log;0 infective virus. 
The  experimental  results  presented  in  Fig.  2  demonstrate  the  inhibitory 
effect of a  small  dose of  cortisone  (28 #g./egg)  on  the  increase  of  allantoic 
fluid hemagglutinin  in eggs infected with  PR8  virus. Hydrocortisone alcohol 
was injected into groups of 8 eggs 2 hours prior to the inoculation of a dilution 
of PR8 virus calculated to provide a P/C ratio of 1.0. Inhibition of viral increase 
was most notable in the early phases of multiplication, but persisted throughout 
the 48 hour observation period.  This result may be contrasted  with  the first 
curve (Experiment 1) in Fig. 1 in which a similar inoculum of Lee virus is seen 
to yield an enhanced amount of virus with cortisone. 
Larger doses of cortisone have been found to be similarly ineffective in in- 
creasing final yields of PR8 and other strains of influenza A virus when active 
(highly infective)  inocula of virus are used.  However, it was discovered that 
under  certain  conditions  cortisone  might  increase  influenza  A  virus  yields. 
These conditions are briefly considered in the experiments described below. 860  CORTISONE  AND  DYNAMICS  OF  VIRAL  INCREASE 
Definition  of Conditions under  Which Cortisone Enhances  Yields of Influenza 
A  Virus (PRS).--An analysis of occasional experiments in which enhancement 
of influenza A virus yields was induced by cortisone is presented  in Table V. 
Included in the table are results  with diluted active inocula which are repre- 
sentative of the usual experience with influenza A viruses and cortisone. It is 
evident  that  the  common  denominator of experiments  in  which  significant 
(>0.6 logs) increases of hemagglutinins  were observed  is an undiluted viral 
inoculum in which the proportion of infective virus had been reduced by heat- 
hag or prolonged  storage  at 4°C. These  results  suggested  that cortisone  had 
effected relatively increased viral yields by inhibiting  or negating the autoin- 
terference  occasioned  by non-infective  virus  particles  in  such  preparations. 
Studies by Fong and Louie with PR8 virus have described increased yields of 
hemagglutinin  in the presence of cortisone in eggs injected with "interfering" 
and "challenge" viruses  (17). "Negation of interference" had originally been 
considered  as  a  possible  explanation of the  enhanced yields  of influenza  B 
virus which  were later attributed to multiplicity reactivation (5). Evidence 
for the validity of this concept is the subject of another paper (18). 
DISCUSSION 
A striking  and unexpected  result of the present  investigation  is the demon- 
stration that cortisone is a potent inhibitor of the in ovo increase of both influ- 
enza A and B viruses. This fact contrasts sharply with evidence of the striking 
viral-enhancing  action of cortisone  adduced by earlier  studies  in which final 
yields of virus were measured  (1, 2). In the case of influenza B virus infection, 
a paradoxical  diphasic effect is manifest: an initial inhibition of viral increase, 
followed by a later enhancement of viral concentration. 
It has been shown that the effects of cortisone on the viral incremental curve 
do not result from modification of the kinetics of adsorption,  elution, or release 
from within chorioallantoic  membrane cells. Rather, the inhibitory effect of 
cortisone is clearly related to inhibition of viral synthesis; as is attested by re- 
duced virus in both membrane and allantoic  fluid phases. The nature of the 
later, enhancing effect is less clear. Invocation of a simple "anti-toxic" explana- 
tion  of  the  enhancement phenomenon  can  be  supported  by  evidence  that 
cortisone may prolong survival time and reduce inflammatory response in eggs 
infected with influenza B virus (3). However, this hypothesis ignores the fol- 
lowing facts: (a) maximum yields of virus are effected by cortisone time-dose 
schedules which decrease the survival time of eggs; (5) C-21 steroids which are 
not anti-inflammatory enhance  viral yields (19); further, the phenomenon  of 
multiplicity reactivation (5) is not easily explained by the anti-toxic concept. 
On the other hand, present evidence is consistent  with the view that the late 
effect of cortisone  represents  a  negation of the autoinhibitory action of ac- 
cumulating viral particles.  Definitive  evidence  for this view is presented  in 
detail in another paper (18). E.  D.  X~LBOU~NE  861 
If the final yield of virus induced with cortisone is the resultant of two op- 
posite effects, inhibition of synthesis and inhibition of autointerference, it seems 
probable that the difference in influenza A and B virus yields is explicable on 
the basis of quantitatively different responses of the two viruses to either or 
both cortisone effects. Thus, a greater susceptibility of influenza A virus to the 
inhibition of synthesis by cortisone might preclude realization  of potentially 
enhanced yields of virus derived from the anti-interference effect of the steroid. 
SUMM~Y 
The administration of cortisone to chicken embryos infected with inituenza 
B v/rus results in (a) an initial inhibition of viral synthesis and (b) an eventual 
increase in the final yield of virus attained. Increased yields of virus are attained 
regardless  of the  number of viral  particles  in  the  infecting inoculum  or  the 
proportion of particles which are infective. 
Changes in the distribution ratios of allantoic fluid and intramembrane virus 
are  effected by  cortisone only as  the  secondary result  of reduction  in  viral 
synthesis. 
The manifest effect of cortisone on influenza A  virus increase is inhibitory 
unless inocula containing relatively high proportions of inactive viral particles 
are used. 
BIBLIOGRAPHY 
1.  Kilbourne, E. D., and Horsfall, F. L., Jr., Increased virus in eggs injected with 
cortisone, Proc. Soc. Exp. Biol. and Med.,  1951, 76, 116. 
2.  Kilboume, E. D., and Tateno, I., In vitro effects of cortisone on multiplication of 
influenza B virus, Proc. Soc. Exp. Biol. and Med.,  1953, 82, 274. 
3.  Kilboume, E. D., The influence of cortisone  on experimental viral infection.  I. 
Prolongation of survival time and suppression of inflammation in chick embryos 
infected with influenza B virus, J. Immunol., 1955, 74, 57. 
4.  Kilbourne, E. D., The influence of cortisone on experimental viral infection.  II. 
Effects on antibody formation and acquired  immunity, Proc. Soc. Exp.  Bid 
and Med.,  1955, 90, 6-5. 
5.  Kilbourne, E.  D.,  Reactivation  of non-infective  virus  in  a  cortisone-injected 
host, J. Exp. Med., 1955, 10t, 437. 
6.  Horsfall, F. L., Jr., On the reproduction of influenza virus. Quantitative studies 
with procedures which  enumerate infective and hemagglutinating virus par- 
tides, J. Exp. Med., 1954, 100, 135. 
7.  Horsfall, F. L., Jr., Reproduction of influenza viruses. Quantitative investigations 
with particle enumeration procedures on the dynamics  of influenza A and B 
virus reproduction, J. Exp. Med.,  1955, 102, 441. 
8.  Horsfall, F. L., Jr., and Ginsberg, H. S., An improved COz cabinet for low tem- 
perature storage of infectious agents with gaseous CO~ excluded from the speci- 
men compartment, J. Bact., 1951, 61, 443. 
9.  Kilbourne, E. D., The influence of cortisone on experimental viral infection.  V. 
Inhibition of influenza virus synthesis,  J. Exp. Meal., 1957, 106, 883. 862  CORTISONE AND DYNAMICS O1  ~ VIRAL INCREASE 
10.  Horsfall, F. L., Jr., and Tamm, I., Fractional dilution procedure for precise titra- 
tion of hemagglutinating viruses and hemagglutination-inhibiting antibodies, 
J. Immunol., 1953, 70, 253. 
11.  Tyrrell, D. A. J., Tamm, I., Forssman, O.  C.,  and Horsfall, F. L., Jr., A new 
count of allantoic cells of the 10-day-old  chick embryo, Proc. Soc. Exp. Biol. 
and Med.,  1954, 86, 594. 
12.  Cairns, H. J. F., and Fazekas de St. Groth, S., The number of allantoic cells in the 
chick embryo, J. Immunol., 1957, 78, 191. 
13.  Schlesinger,  W.  R., and Karr, H. V.,  Influenza vires and its mucoprotein sub- 
strate in the chorioallantoic  membrane of the chick embryo. II. Stepwise inac- 
tivation of substrate and its relation to the mode of viral multiplication, J. Exp. 
Med.,  1956, 103, 333. 
14.  Kilbourne, E. D., Cortisone modification  of the dynamics of influenza  virus  in- 
crease, Fed. Proc., 1956, 15, No. 1944 [abstract]. 
15.  Private communications. 
16.  Kass, E. H., Lundgren, M. M., and Finland, M., The effect of adrenal steroids, 
corticotropin, and growth hormone on  resistance  to  experimental infections, 
J. Exp. Med.,  1954, 99, 89. 
17.  Fong, J., and Louie,  R., Interference in cortisone-treated hosts, Proc. Soc. Exp. 
Biol. and Med.,  1953, 84, 269. 
18.  Kilbourne, E. D., The influence of cortisone on experimental viral infection.  IV. 
Negation of interference as the mechanism by which cortisone induces increased 
virus yields, J. Exp. Med.,  1957, 106, 863. 
19.  Kilbourne, E. D., Effects of compounds A, E and F on experimental viral infec- 
tion, Am. J. Med.,  1953, 14, 753 [abstract], and unpublished data. 